Renewable energy capacity in stand-alone power supply (SPS) systems has undergone a dramatic growth in Western Australian (WA) remote off-grid agricultural and pastoral regions. This growth was encouraged through capital cost subsidies of photovoltaic, wind turbine and enabling technologies. This research explores and quantifies the changes over time of energy demand and the rated output of renewable and conventional energy components in SPS systems in WA. Individual SPS system components, especially the renewable technologies have seen some extraordinary progress over the past 30 years.
Introduction
Australian pastoral country is sparsely populated and the scarce arid and semi-arid native vegetation is primarily used for animal grazing [1] . In WA, there are 527 pastoral leases covering 474 pastoral stations that occupy around 40% of the state land mass [2] ; [1] .
Pastoral graziers are required to supply their own infrastructure needs, due to the prohibitive costs to governments of providing services to remote areas, often hundreds of kilometres away from existing infrastructure. Due to the low population density in these regions, it is more economical to design small isolated electricity networks and standalone power supply (SPS) systems than constructing extensive electricity networks.
Therefore, SPS systems are more commonly known in Australia as remote area power supply (RAPS) systems.
There are around three decades of research on WA pastoralist SPS system technical details and owner-operator attitudes towards them. Pastoralists, by necessity are resourceful and mechanically savvy individuals that are able to provide comprehensive and rigorous feedback on the practical realities of SPS system reliability, technical performance and cost. Pastoralists also provide a challenge for energy service providers because of the extreme remoteness and considerable energy demand variations of seasonal worker and operational requirements. This load complexity often necessitates installing spare capacity into SPS systems, or the inclusion of temporary generation units in times of higher demand. In addition to energy demand in the living quarters, pastoral workshops and sheds often contain electrical equipment, such as welders, compressors, pumps and other power tools. Large and intermittent electricity loads are common and SPS systems must be designed to supply them. A designated generation unit is often used for times of very large energy demand, such as during sheep shearing. Energy supply systems need to be reliable in pastoral regions as breakdowns can quickly result in stock deaths from lack of water, loss of refrigerated food, and no operational equipment.
SPS systems have been regarded as a considerable market opportunity for some time and the Australian Government has identified them as technologies of strategic importance in terms of the development of renewable energy technologies [3] . Market aggregation, focused on developing renewable energy system integration into conventional system configurations and large-scale manufacturing largely remains an opportunity in Australia.
Although Australia has developed some excellent capital subsidy mechanisms to support the SPS system industry, these approaches have not included a systematic strategy of integrating the various technologies into first-rate, reliable and cost-effective SPS systems.
Government capital rebate schemes available to pastoralists
The Australian Commonwealth Governments' Renewable Remote Power Generation Programme (RRPGP) is the most significant government subsidy programme that supports renewable technologies in Australian remote and rural areas. Introduced in July 2000, the RRPGP allocated an initial AUD$264 million to support the replacement of diesel in diesel-fuelled SPS systems with renewable system components [4] . In WA, the 
Recent WA SPS system technology research
In mid 2006, the author undertook research on SPS systems in WA pastoral regions. A total of 68 returned and completed forms were returned from a total of 474 WA pastoral stations, corresponding to response rate of slightly over 14% of all pastoral leases. The average distance between the pastoral station and a major service centre was 220 km. A major service centre was considered to be the nearest regional centre from which pastoralists could receive parts, supplies or technical assistance. Most respondent's service centres were Carnarvon, Norseman, Kalgoorlie, Kununurra, Broome, Port
Hedland and Meekatharra (Fig. 1 ). Respondents were asked to provide details on the systems used for pumping water and providing electricity for domestic and industrial loads. Table 1 shows the number of SPS system technology types. Forty-six percent of respondents' SPS systems incorporated one or more renewable energy technologies 1 .
Sixteen of the respondents detailed the total number of PV modules and their respective prices that they paid for them. The average amount each respondent invested in photovoltaic modules was approximately AUD$27,000 at the time of purchase. Fourteen respondents indicated all costs for all modules and all rated sizes purchased. Of the 20 respondents who included all module and array ratings, the respondent SPS system photovoltaic array ratings ranged from 720 W to 10,200 W, with an average size of slightly over 3,500 W, and a median of 2,224 W (Fig. 3 ). This is a large increase in the rating of photovoltaic arrays in pastoral regions when compared to the WA Office of Renewable Energy (ACRE) [7] ; [8] .
Respondents disclosed a total of 12 installed wind turbines with a combined SPS system capacity of 50 kW. The turbine ratings ranged from 1 kW to 30 kW, with a median rating of 2 kW (Fig. 4) . This relatively small number of installed wind turbines was nonetheless a large increase from 2000 when the RERAPS study concluded that there were no turbines installed rated above 2 kW that received a government subsidy [8] . Five respondents provided specific details regarding the total cost and rated outputs of the wind component of their SPS systems. This group represented 45.5 kW of the total installed capacity and invested AUD$172,000 on wind turbine technology at the time of purchase.
In terms of ancillary equipment, twenty-three respondents owned a total of 34 inverters.
Nineteen of the 23 respondents provided all details of make, model, type, rated output and cost information for all 26 of their inverters. This group invested a total of AUD$276,400 at the time of purchase, solely for inverters that were in service at the time of the survey. The inverter nameplate ratings ranged from 2 kW to 54 kW, with sum rating of all respondents' SPS system inverters was 227 kW (Fig. 5) . The median inverter rating was between 5 and 6 kW, which was much larger than the RERAPS (2000) study of between 2.5 and 3 kW [8] . Respondent pastoralist SPS battery banks varied widely in their storage capacity, type, manufacturer and cost. Battery system voltages also varied, with 48V the most common, followed by 24V systems and other multiples of 12V. A few system voltage (DC) configurations were 52V, 124V, 130V, 140V, with one 240V
system. All but one of the twenty-five respondents that provided battery details used wet cell batteries. At the time of purchase the average investment in battery banks was AUD$14,500 per property. 2 The AUD$2 million Renewable Energy Remote Area Power Supply (RERAPS) scheme was introduced in July 1996 to enhance uptake of renewable energy technologies into SPS systems. The Western Australian Office of Energy administered the scheme until it ceased in July 2001. The RERAPS rebate subsidised 75% of the total capital cost of renewable energy components and 25% of battery capital costs up to a maximum of AUD$8,000, only where the cost of extending the grid was over AUD$50,000.
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Respondents were asked to estimate the average and peak loads that all diesel generators were required to supply. The median average load indicated by the respondents was between 10 and 12 kW, and ranged between 4 kW and 30 kW. The reported peak loads were slightly higher than the average load, which was indicative of the high load literacy of pastoralists who appreciate the benefits of running their diesel generators near the rated capacity. The rated output and number of diesel generators varied considerably between survey respondents. Of the respondents that gave diesel generator details (61), most owned more than one diesel generator and the majority were of different ratings (Fig. 6) . The large number of smaller generators (between 5 and 15 kVA) was an indication of the household electricity requirements of the pastoral properties. The average number of diesel generators per pastoral property was two. Respondents stated that their larger generators were often used for specific tasks, such as welding or during shearing and were not often used to provide base loads in everyday SPS systems usage.
There was a slight increase in the average rating of diesel generators used since the RERAPS (2000) study. The median age of the generators was five years old, indicating that many respondents purchased new diesel generators relatively recently (Fig. 7 ). There were forty diesels approaching ten years of age or over and would be replaced before long or become unreliable and less efficient. The majority (38) of respondents indicated that they fixed minor problems with the diesel generators. The remaining respondents contracted electricians or mechanics to fix problems when the respondent could not remedy the problem. Two respondents stated: "I fix 99% of the problems. My electrician mate Bruce turns up sometimes" and; "Over the wet we had to chopper in an electrician/mechanic for the generator". Respondent annual diesel consumption for electricity generation varied over an extremely wide range of values. The smallest total property diesel consumption in SPS systems for electricity generation was 80L and the largest was over 70,000L. Of the 58 pastoralists that specified their annual SPS system diesel consumption for electricity, the median consumption was 6,000L and the average 11,500L. The total annual diesel consumption for this group was over 650,000L on electricity alone. Respondents were also asked for details on the approximate amount of diesel used in a year for water pumping and stationary machinery, excluding the amount used in their SPS system (Fig. 8) . The largest individual consumer of diesel consumed an average of 90,000L every year in applications other than their SPS system. In most cases, the respondents indicated that the largest consumer of diesel in stationary applications was water bore pumping using diesel powered pumps.
WA Pastoralists, the SPS industry & state government
With the last several years of drought over much of the WA regions, the window of opportunity to utilise remote for this form of research in WA may be drawing to a unfortunate close. In addition to these difficult times, pastoral leases are set to either expire or be renewed in 2015. This short investment horizon may reduce the level of investment in components with longer operating lifetimes (such as many renewable technologies). The selection of system components with a smaller capital cost and higher running costs may be a more appropriate investment in these circumstances. While pastoralists are willing and able to commit their local knowledge and SPS system experience, it would be prudent for the WA SPS system industry to facilitate a more formal and strategic communication with pastoralists, in a similar manner to the data that SEDO collects. It is a requirement for people who receive the RRPGP subsidy to submit information on system performance and reliability to SEDO over a period of five years after the subsidised system component is installed. This provides a wealth of information to SEDOs administration of its RRPGP subsidy obligations to the Commonwealth.
Arguably, this data should be put to greater use in facilitating the SPS system industry and their customers. One unexpected finding of this research was the information asymmetry between pastoralists, the energy industry and governments. Many pastoralists were interested in the performance of their SPS systems and suppliers against the experience of others in the region. Many pastoralists independently stated that they wanted to know if their circumstance was average or exceptional in the region. The industry that supplies and services SPS systems and pumping infrastructure would no doubt also be interested in the type of data collected by SEDO. It seems reasonable that the existing SPS system information held by SEDO could be made publicly available, subject to ensuring privacy, to facilitate and inform system users and providers in WA.
Conclusion
The author has developed six recommendations that address weaknesses and retain strengths of the SPS system industry in WA. These recommendations are listed by priority:
1. Maintain renewable energy capital subsidies. These capital subsidies have performed extremely well over the past several years, as high capital costs are still a major barrier.
Removal of these subsidies will result in fewer systems being installed.
2. Incorporate a subsidy or rebate to promote the establishment of renewable energy 8 component and system servicing and assist the development of maintenance industries, especially in remote areas.
3. Incorporate information gathering as part of routine maintenance incentives in order to track SPS system strengths and weaknesses for system providers, manufacturers, governments and users.
4. Allocate funds to independent institutions that can develop Australian and international standards, as well as provide capacity building to achieve accreditation for such standards. These standards would also be useful for initiating mandatory minimum performance benchmarks for on and off-grid energy services and components. b The total number of diesel generators that included age data was 115. 
